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Neuraminidase promotes neutrophil, lymphocyte and
macrophage infiltration in the normal rat kidney
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Unidad de Diálisis, Hospital Universitario, and Instituto de Investigaciones Cilnicas, Universidad del Zulia, Maracaibo, Venezuela
Neuraminidase promotes neutrophil, lymphocyte and macrophage in.
filtration in the normal rat kidney. Neuraminidase (NA) is an enzyme
produced by several microorganisms, which is capable of liberating sialic
acid from glycoproteins and modifying cellular adhesion mechanisms. NA
is considered a virulence factor in some bacterial species and has been
implicated in the pathogenesis of acute poststreptococcal glomerulone-
phritis, a disease in which glomerular leukocyte infiltration is a prominent
feature. We examined the effect of NA on kidney infiltration by neutro-
phils (PMN), T lymphocytes (TL) and monocyte-macrophages (MM).
Intravenous injection of NA resulted in an early increase in the number of
PMN (1 hr, 3.42 0.19 cells/cgs, mean SEM; 3 hr, 3.63 0.13; 6 hr,
2.9 0.24; controls, 1.53 0.18; P < 0.001) and MM (1 hr, 3.49 0.16;
3 hr, 4.02 0.2; 6 hr, 3.88 0.27; controls 1.43 0.14; P < 0.001) in the
glomeruli, while TL increased later (24 hr, 2.29 0.14; 48 hr, 2.4 0.2;
72 hr, 2.16 0.15; controls 0.7 0.07; P < 0.001). PMN and TL were also
increased in the interstitium (up to ninefold for PMN and up to threefold
for TL). Following i.v. injection of 51Cr-labeled NA-treated leukocytes,
renal radioactive uptake was significantly increased at all times tested
(percent radioactivity/gram of tissue after PMN injection, 3 hr, 5.57
0.46, mean SEM; 12 hr, 5.38 0.77; 60 hr, 6.51 1.1; controls, 1.26
0.17, 1.75 0.25, and 2.46 0.08, respectively; P < 0.001 in each case.
After TL injection, 3 hr, 3.21 0.58; 12 hr, 4.37 1.03; 60 hr, 4.11 0.65;
controls: 0.73 0.1, 1.53 0.29, and 1.18 0.12, respectively; P < 0.001
in each case. After MM injection, 3 hr, 1.39 0.16; 12 hr, 1.82 0.16; 60
hr, 2.33 0.3; controls, 0.87 0.1, 1.09 0.11, and 1.04 0.24, respectively;
P < 0.05 in each case). These results were not modified by prior
splenectomy in the animal, or pre-treatment with desialized fetuin (to
block binding of cells to possible lectin-like receptors) and polyethylenei-
mine or cationized ferritin (which bind to glomerular polianion). Our
results indicate that NA induces binding of circulating cells to the kidneys,
a finding that may be relevant in the nephritogenicity associated with some
NA-producing infections.
Neuraminidase (NA) is an enzyme that acts on a variety of
sialoglycoproteins, sialoglycolipids, oligosaccharides and polysac-
charides liberating sialic acid. NA seems to be a virulence factor
in several bacterial species [1, 2] and also plays a role as a
modulator in the binding phenomena of red blood cells, lympho-
cytes and macrophages [3—6]. In specific renal diseases, such as
acute poststreptococcal glomerulonephritis (APSGN), strepto-
coccal NA may be involved in the pathogenesis of the disease
[7—11]. Since biopsies from patients with APSGN frequently show
glomerular infiltration by peripheral blood neutrophils (PMN),
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monocytes (MM) and also T lymphocytes (TL) [12], we examined
the effect of NA activity on the accumulation of leukocytes in the
kidneys of normal rats.
We performed a series of experiments in rats to examine:
(a) the infiltration and location of circulating cells in the kidney
after intravenous NA injection; (b) the intrarenal accumulation of
NA-treated radiolabeled leukocytes injected intravenously to rats;
and (c) potential mechanisms involved in the NA-induced cellular
infiltration.
Methods
Animals
Sprague-Dawley rats (not inbred stock) and Lewis rats (inbred
strain) were used. Inbred rats were used for experiments that
required leukocyte donors and recipients. All animals were males
and weighed 200 to 300 g.
Materials
NA type V, derived from Clostridium perfringens, was obtained
from Sigma Chemical Corp. (St. Louis, Missouri, USA). One unit
of NA activity is defined by its capacity to release 1 m of
N-acetylneuraminic acid from NAN-lactose at 37°C in one minute
at pH 5.0. 51Chromium was purchased from NEN Research
Products (DuPont Company, Wilmington, Delaware, USA) and
supplied as Na251CrO4 in isotonic saline with specific activity of
400 to 1200 iCi/mg of chromium; RPMI 1640, penicillin/strepto-
mycin (Gibco, Grand Island, New York, USA); fetal bovine
serum; peanut agglutinin (PNA, Arachis hipogaea), fluorescein-
ated (FITC)-labeled PNA and fetuin (Sigma Chemical Corp.);
recombinant rat interferon gamma (IFN-'y; AMGEN Biologicals,
Thousand Oaks, California, USA); thioglycollate medium (Difco,
Detroit, Michigan, USA); polyethyleneimine (PEI; MW 40,000;
Polysciences, LTD, Eppelheim, Germany).
The following polyclonal and monoclonal antibodies were
purchased from Accurate Chemical and Scientific Corp. (West-
bury, New York, USA): FITC-labeled polyclonal antibody against
rat neutrophils, FITC-labeled polyclonal antibody against rat mono-
cyte-macrophages; monoclonal antibody against rat T- lymphocytes
(clone W3/13 HLK), and monoclonal antibody against rat class II
histocompatibility molecules (Ia, clones 0X3 and 0X4). To
detect monoclonal mouse antibodies at tissue level, FITC-labeled
F(ab')2 rabbit anti-mouse immunoglobulins were used. This anti-
body was obtained by repeated immunization of rabbits with
mouse immunoglobulins.
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Experimental protocols
Experiments to demonstrate glomerular and interstitial leukocyte
infiltration after intravenous injection of NA. Two units of NA/rat
dissolved in I ml of normal saline solution were injected into a tail
vein of male Sprague-Dawley rats (N = 18). This amount of
enzyme was known to be adequate to produce glomerular desial-
isation [11]. Animals were sacrificed 1, 3, 6, 24, 48 and 72 hours
afterwards, samples of renal cortexes were obtained, embedded in
OCT Compound (Tissue Tek), frozen in liquid nitrogen and
maintained at — 70°Cuntil use for immunofluorescent studies (see
later). Control animals (N = 4) were sacrificed after intravenous
injection of 1 ml of normal saline solution.
Experiments to demonstrate the effect of treatment of leukocytes
with NA on their binding to kidneys and other tissues. 51Cr-labeled
leukocytes (PMN, TL, MM), (14.43 0.72) X iO cells per ml of
normal saline solution, untreated or treated with NA, were
transfused (1 ml) into a tail vein of Lewis rats. For each type of
cell under study, animals were divided in two groups: (i) one
group of rats (N = 15) received NA-treated leukocytes and (ii) the
other group (N = 15), untreated leukocytes. Recipients were
killed by cervical dislocation at 3, 12 and 60 hours when left
kidneys were removed and, at the same time, samples of blood,
liver, right middle lung lobe, the whole spleen and cervical lymph
nodes were obtained. The samples and organs were weighed and
assayed for radioactivity, which was expressed as percent of the
total radioactivity injected to the animal (see later) per gram of
tissue or ml of blood.
The effect of PNA treatment of desialized PMN on their renal
infiltration was tested in separate experiments (see later). In order
to test the effect of NA on the renal binding of untreated and
NA-treated leukocytes, rats (N = 12) were injected with NA (2
U/rat) which, afterwards, were transfused with 51Cr-labeled un-
treated and NA-treated PMN. Animals were sacrificed at 3, 12
and 60 hours, when nephrectomies were done.
In our study, the spleen had a high uptake when untreated
51Cr-labeled PMN or TL were transfused. Because trapping in the
spleen could reduce the number of untreated leukocytes available
to the kidney and thus be in part responsible for the lower renal
radioactive uptake of untreated leukocytes, we transfused, in
additional experiments, 51Cr-labeled, untreated and NA-treated
TL in 24-hour splenectomized rats (each group N = 15). Samples
and organs were removed and processed as described above.
Experiment to determine the effect of NA-treated fetuin injection
on the renal binding of 51Cr-labeled NA-treated TL. To explore
whether possible lectin-like receptors in the glomeruli are in-
volved in the cellular infiltration of the kidney, desialized fetuin,
which would bind to such receptors, was injected into the kidneys
of rats prior to the transfusion of NA-treated cells. Three groups
of rats (each group N = 4) were injected in the abdominal aorta
with 1 ml of one of the following solutions: 0.01 M of PBS, 1 mg/ml
of NA-treated fetuin or 1 mg/ml of untreated fetuin. Before
injection, the aorta was clamped just above right renal artery.
After one hour, all rats from each group were injected with
51Cr-labeled, NA-treated TL by a tail vein, as described above and
sacrificed 12 hours later. A group without abdominal surgery, but
with radioactive cell injection, was also included. Afterwards, left
kidneys were obtained, weighed and radioactivity counted in a
gamma counter.
To test the affinity of renal tissue to desialized fetuin, unfixed
and fixed (acetone or 4% paraformaldehide) air-dried renal
frozen sections from normal rats were incubated for 30 minutes at
room temperature with one of the following solutions: 0.01 M
PBS, 1 mg/nil of NA-treated fetuin, 1 mg/ml of fetuin, or 1 mg/ml
of NA-treated fetuin in 0.1 M of D-galactose, which is a good
inhibitor of the binding of PNA to NA-treated erythrocytes [13].
After three washes with PBS, the presence of NA-treated fetuin
was determined by FITC-labeled PNA (100 .tg/ml). Reactivity of
FITC-PNA to desialized substrate was also determined in kidney
frozen sections from NA-treated rats (positive control).
Experiments to determine the effect of cationic compounds on
renal binding of NA-treated PMN. To determine whether electro-
static forces are involved in the phenomena observed, we per-
formed some experiments aimed at determining the effect of the
glomerular binding of highly cationic compounds (PEI and cat-
ionized ferritin) on kidney cellular infiltration. One ml of a 0.1%
PEI solution (molecular weight: 40,000; pH 7.3; 400 mOsm) was
injected in tail veins of 6 rats; 15 minutes later, desialized
51Cr-labeled PMN were injected in the tail veins of those animals.
Half of them were sacrificed 15 minutes afterwards and the rest 8
hours later, when whole left kidneys were removed for counting
radioactive uptake. Control animals (N = 6) received saline
solution (1 ml; 400 mOsm; pH 7.3) intravenously, 15 minutes
before the injection of 51 NA-treated PMN. These
animals were sacrificed 15 minutes (N = 3) and 8 hours later(N = 3), when nephrectomies were done and radioactivity
counted. In experiments with ferritin, the animals (N = 2)
received cationized horse ferritin (p1 greater than 9.5; 5 mg/rat;
supplied by A. Vogt, Freiburg, Germany) through a tail vein,
followed 15 minutes later by 51Cr-Iabeled NA-treated PMN.
These animals were sacrificed 3 hours later, when left nephrecto-
mies were done and radioactivity counted; at the same time, a
sample of right kidney was taken for immunofluorescence studies.
Three animals, which received saline solution previous to the
cells, made up the control group.
Incubation of NA-treated TL with normal rat sera. To test
whether circulating antibodies to antigens exposed after NA
treatment of cells (Thomsen-Friedenreich antigens), which have
agglutinating properties, are responsible for the increment in the
renal radioactive uptake observed, 50 .LJ of NA-treated TL, (18.3
>< 107)/ml in normal saline solution, were incubated with 400 l of
undiluted and diluted (1:10) normal rat serum (N = 4) for 30
minutes without agitation at room temperature. After gentle
suspension, cell agglutination was assessed by light microscopy,
using an arbritary scale (0 to 4+). PNA solution (0.5 mg/mI) and
normal saline solution were used as positive and negative controls,
respectively.
Treatment of NA-treated leukocytes with PNA. We examine
whether pretreatment of desialized leukocytes with PNA, which
combines to radicals exposed by NA treatment, alters renal
binding of these cells. NA-treated PMN were divided in two
groups: untreated and treated with PNA. Five ml of NA-treated
PMN, (5.42 x 107)/ml in RPMI, were incubated with 2 mg/ml of
PNA for 30 minutes at room temperature. Cells were washed,
tested for their reactivity to FITC-labeled PNA and transfused to
recipients animals; thereafter, nephrectomies were performed at 8
hours and radioactivity counted.
Induction of class II (Ia) antigens on NA-treated macrophage
cultures. To investigate if desialized cells remained capable of
being activated by cytokines, we induced expression of class II (Ia)
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antigens on desialized macrophages after incubation with IFN-y.
Peritoneal thioglycollate-elicited macrophages were harvested in
PBS, 1% FCS and placed on sterile round coverslips in 24-well
tissue culture plates (Costar, Cambridge, Massachusetts, USA) at
concentration of 106 cells/ml of RPM! 1640, 10% FCS, 50 U/ml
penicillin, 50 ig/ml streptomycin. Cells were allowed to adhere at
37°C, 5% CO2 for 3 hours, rinsed gently and cultured for two days
[14]. Thereafter, cells were washed and incubated with 5 U/ml of
NA in RPM! 1640 for one hour at room temperature. Cells were
washed twice with warm medium and divided into two groups:
untreated and treated with 50 U/ml of recombinant IFN-y.
Macrophages were cultured at 37°C, 5% CO2 for four days,
washed and fixed with PBS containing 1% paraformaldehide.
Cells in the coverslips were tested for Ia expression by incubation
with monoclonal antibodies against Ia molecules and FITC-
labeled F(ab')2 rabbit anti-mouse immunoglobulins and for NA-
effect by staining with FITC-labeled PNA.
Renal immunofluorescence studies
Leukocyte infiltration. To analyze the cell population infiltrating
the glomeruli and interstitium in untreated and NA-treated rats,
cryostat sections (4 tm) from kidneys cortexes were air dried,
fixed in cold acetone for 10 minutes and washed in PBS for five
minutes. Thereafter, sections were stained with FITC-labeled
antibodies against rat PMN and monocyte-macrophages. Primary
monoclonal antibodies were used against TL and Ia molecules;
the secondary antibody was FITC-labeled F(ab')2 rabbit anti-
mouse immunoglobulin. All antibodies were incubated with the
tissue sections for 30 minutes at room temperature. The results
were expressed as number of positive cells per cross glomerular
section (cells/cgs; mean SEM), as in a previous work [12]. Cells
in the interstitium were counted using an eye piece with a small
lattice demarcating 0.0625 mm2 (X40) and expressed as number
of positive cells per 0.0625 mm2 (mean SEM).
Glomerular desialization. To analyze the effect of i.v. injection of
NA on the kidney, frozen sections from renal tissue were stained
with FITC-labeled PNA (100 .tg/ml) that binds to subterminal
disaccharide /3-D-galactopyranosyl [1, 3] N-acetyl-galactosamine,
which is exposed after sialic acid release by NA.
Cationized ferritin binding to the glomeruli. To demonstrate the
binding of cationized ferritin to the glomeruli, kidney frozen
sections from animals which had received cationized ferritin, were
incubated with rabbit anti-horse ferritin serum (diluted 1:50,
supplied by A. Vogt, Freiburg, Germany). FITC-goat anti-rabbit
immunoglobulin was used as secondary antibody (Cappel Re-
search Products, Organon Teknika Corporation, Durham, North
Carolina, USA).
Isolation of cells
PMN. Peritoneal PMN were harvested from Lewis rats five
hours after a peritoneal injection of 10 ml of 3% thioglycollate
medium. Cells were washed, resuspended in RPMI 1640, 10%
heat-inactivated fetal bovine serum (FCS), and used for radio-
active labeling and NA treatment.
MM Peritoneal macrophages were obtained following the same
procedure for PMN, except that thioglycollate was left for five
days in peritoneal cavity.
TL. T-lymphocytes were obtained from cervical, axilar and
mesenteric lymph nodes. Nodes were removed and placed in a
tissue culture dish containing cold RPMI 1640. Then, they were
teased apart and dissociated cells were washed, counted and used
for labeling and NA treatment.
Radioactive labeling of leukocytes
Leukocytes, (147.16 62.94) X iO cells, were suspended in
8 ml of RPMI, containing 250 tCi of Na251CrO4, incubated for 45
minutes at 37°C and washed twice with PBS. Radioactivity was
assayed in 1 ml of cellular suspension (the volume to be injected
to each animal) inmediately before transfusion, and it represented
total radioactivity (per animal).
Treatment of leukocytes with NA
Leukocytes were desialized in vitro as follows: 51Cr-labeled
leukocytes were suspended in RPMI, (99.54 23.3) X i07 cells in
8 ml, containing bacterial NA (6 U/ml) [5]. Cells were incubated
for 30 minutes at 37°C and washed twice with PBS. Effect of NA
on cells was tested using FITC-PNA (100 g/ml). Cellular viability
was tested by tripan blue exclusion.
Treatment of fetuin with bacterial NA
NA was insolubilized by attachment to CNBr activated Sepha-
rose 4B. One ml of fetuin (1 mg/mI) was mixed with 0.5 ml
of NA-Sepharose and incubated for one hour at 37°C. NA-Sepha-
rose was spun down and supernatant was tested for free sialic acid
by Warren's method [14] and for the presence of NA activity. In
this respect, 50 1.d of supernatant were incubated with 150 1.d of
fetuin (1 mg/mi) for one hour at 37°C, and tested for any
increment of free sialic acid. Total amount of sialic acid in 1 mg of
fetuin was determined by acid hydrolysis [141. Percent of NA
desialization was obtained by comparing the total amount of free
sialic acid obtained from acid hydrolysis and free sialic acid from
NA treatment. Solution of 1 mg of NA-treated fetuin with 75% of
desialization and without NA-activity was used for in vivo and in
vitro experiments.
Heat-inactivated NA
In order to assess the specificity of NA in the induction of renal
leukocyte infiltration, NA was inactivated by heating at 85°C for
one hour; lack of enzymatic activity was determined by its inability
to release sialic acid from fetuin [15]. Inactivated enzyme was
injected to Sprague-Dawley rats (N = 3); the animals were
sacrificed three hours later when nephrectomies were done.
Controls (N = 3) represented animals injected with saline solu-
tion. Kidney frozen section were stained with FITC-PNA and
FITC-rabbit antibody against rat PMN, as described before.
Statistical analysis
Results are expressed as means SEM. Analysis of variance
with Bonferroni's correction was applied to test differences in the
number of cells infiltrating kidneys at different time intervals.
Student's t-test was used to compare tissue radioactivity uptake of
radioactive untreated and NA-treated cells. P < 0.05 between
groups was considered significant.
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Table 1. Glomerular cell infiltration in normal rats after NA treatment
Time
after
NA N Neutrophils Lymphocytes Macrophages Ia+ cells
1 hour 3 3.42 0.19a 0.55 0.08 3.49 o.w 1.28 0.12
3 hour 3 3.63 O.13a 0.62 0.18 4.02 0.20a 0.96 0.18
6 hours 3 2.90 0.24a 0.65 0.10 3.88 0.27° 2.50 o.27a
24 hours 3 0.41 0.07 2.29 O.14a 1.20 0.11 2.31 o.15a
48 hours 3 0.51 0.10 2.40 0.20a 1.21 0.16 2.55 o.18
72 hours 3 0.62 0.07 2.16 o.15a 1.28 0.16 3.18 o.17
Controls 4 1.53 0.18 0.70 0.07 1.43 0.14 1.38 0.10
Controls represent rats injected with saline solution. Values express
cells/egs (mean 5EM). a P < 0.001
Results
Immunohistochemistiy
Cellular infiltration in the kidney, induced by the intravenous
injection of NA, was examined by direct and indirect immuno-
fluorescence. Increased numbers of PMN and monocyte-mac-
rophages in the glomeruli were found in the first hours, falling to
lower or basal levels at days 1, 2 and 3. Meanwhile, TL increased
significantly at 24, 48 and 72 hours. Ia+ cells increased at 6 hours
and remained so through the end of the experiment (Table 1, Fig.
1). The infiltration of PMN and TL in the renal interstitium is
showed in Table 2. Both types of cells were increased since the
early periods and remained increased throughout the experiment.
The effect of intravenous injection of NA on the kidney and in
circulating leukocytes was examined by their ability to bind
FITC-PNA. There was a strong positive reaction with lectin in the
glomeruli from NA-treated animals (Fig. 1). Desialized leuko-
cytes were detected in circulation even 24 hours after NA
injection (1 hour: 25.8% of total circulating leukocytes were
desialized; 11.7% at 6 hours; and 5.8% at 24 hours).
Experiments were performed with NA in order to demonstrate
the specificity of NA action in vivo. To this end, rats were injected
with heat-inactivated NA or with saline solution. Kidney frozen
sections from those animals were negative when FITC-PNA was
used to determine glomerular effect of NA, and there was no
significant difference in the number of glomerular infiltrating
PMN when comparing with animals receiving inactive NA and
normal saline solution (0.704 0.095 vs. 0.781 0.090; PMN/cgs;
mean SaM).
Distribution of radioactivity in kidney and other tissues after
transfusion of untreated and NA-treated 51Cr-labeled leukocytes
After incubation for 30 minutes at 37°C with NA, leukocytes
appeared morphologically intact and unagglutinated under light
microscopy; tripan blue exclusion was in the range 91 to 99%. The
accumulation of radioactivity in the kidneys at various intervals
after transfusion of untreated and NA-treated leukocytes is shown
in Figure 2. At all intervals after transfusion, a significantly higher
concentration of radioactivity was found in the kidneys of recipi-
ents of NA-treated leukocytes. To determine the effect of glomer-
ular desialization in renal accumulation of NA-treated leukocytes,
in some experiments rats were injected with NA (2 U/rat) prior to
the injection of NA-treated PMN. Essentially, no significant
difference was observed when compared with untreated animals
(Table 3).
The accumulation of radioactivity in spleen, liver, lungs, lymph
nodes and blood of recipients sacrificed at various intervals after
injection of untreated and NA-treated 51Cr-labeled leukocytes is
shown in Table 4. In recipients of untreated TL, there was higher
concentration of radioactivity in lymph nodes; however, after
NA-treated it injection, lymph node uptake lessened consider-
ably. A similar phenomenon was also observed in the spleen.
In recipients of untreated PMN and TL, there was high radioactiv-
ity recovery in the spleen (Table 4). To determine whether
changes in the trapping by the spleen could influence renal
radioactive uptake of untreated cells, we transfused untreated and
NA-treated it into normal and splenectomized recipients. As
shown in Figure 3, the absence of the spleen did not alter the renal
radioactive recovery when untreated TL and NA-treated TL were
injected into normal and splenectomized rats.
Effect of desialized fetuin on the renal binding of radioactive
NA-treated TL
To investigate possible lectin-like receptors in the renal binding
of desialized TL, we injected desialized fetuin into the kidneys via
the abdominal aorta, in order to block the renal binding of
desialized cells. After one hour, 51Cr-labeled NA-treated TL were
injected. Renal binding of TL was unchanged (percent radioac-
tivity per gram of tissue: animals receiving PBS= 6.23 0.61;
desialized fetuin = 6.57 0.55; untreated fetuin = 7.35 t 0,39).
At the fluorescence microscopy level, there was no glomerular
reactivity with FITC-PNA when normal kidney frozen sections
were incubated with PBS, fetuin or desialized fetuin.
Effect of PEI or cationized ferritin on the renal binding of
NA-treated PMN
To determine the possible role of glomerular charge on the
renal binding of 51Cr-labeled NA-treated PMN, we injected either
PEI or cationized ferritin intravenously to rats before injecting
radioactive NA-treated PMN. Following cellular transfusion, no
significant difference in kidney radioactive uptake was observed in
the animals injected with PEI (percent radioactivity per gram of
tissue, 15 mm after the injection of cells, mean of two rats: 1.87%,
compared with controls: 2.44 0.8%, mean saM) or cationized
ferritin (in 3 hours, mean of two rats 5.64%, compared with
controls 5.73 0.44%).
There was a strong positive glomerular fluorescence for ferritin
(Fig. 4) three hours after the injection of cationized ferritin, when
kidney biopsies were done and radioactivity uptake counted.
Studies of agglutinin capacity of rat sera
To determine if rat serum induces agglutination of NA-treated
leukocytes, which in turn could be responsible for the cellular
accumulation in the kidney, we incubated undiluted and diluted
(1:10) serum from different rats with NA-treated TL. As shown in
Table 5, none or very slight agglutination was observed.
Effect of PNA treatment of 51Cr-labeled NA-treated PMN on their
kidney uptake
PNA treatment of desialized PMN induced clumping and very
bright reactivity to FITC-PNA (95%); however, this modification
did not significantly increase renal radioactive recovery (PNA-
untreated PMN: 7.33 0.87 vs. PNA-treated PMN: 4.88 0.44;
P> 0.05).
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Fig. 1. Immunofluorescence micrograph showing cellular infiltration in the kidney of rats that had received 2 units of NA intravenously. (A) Glomerular PMN
3 hours after NA injection (x400). (B) Glomerular TL 24 hours after NA injection (X400). (C) Kidney frozen Section from NA-treated rat, incubated
with FITC-PNA showing intense glomerular fluorescence (x 100). (D) Section from untreated rat, showing lack of glomerular binding of FITC-PNA
(x 100).
Time
after
NA N PMN TL
3 hours 3 1.28 0.22a 1.52 0.17
6 hours 3 — 1.36 0.16
24 hours 3 0.68 0.10 1.09 0.21"
72 hours 3 0.84 0.lOa
Controls 4 0.14 0.03 0.50 0.09
Effect of INF-y on desialized cells
To determine the capacity of desialized cells to respond to
cytokines, NA-treated peritoneal macrophages were incubated
with 50 U/mi of INF-y and cultured for four days. This cytokine
increased the expression of class II histocompatibility antigens 3.5
times in macrophages treated with INF-y compared to macro-
phages incubated without INF-y (10%).
Discussion
These studies provide information on the effect of bacterial NA
on the infiltration of PMN, TL and monocyte-macrophages in the
kidney. Following intravenous injection of NA in rats, PMN and
monocyte-macrophages were increased in the glomeruli, but after
six hours they decreased or returned to the basal levels. In
contrast, TL increased after 24 hours and remained so until the
last time tested (Table 1). The presence of Ia+ cells in the
glomerulus could represent infiltrating B lymphocytes, since it is
unlikely that NA could induce in vivo Ia expression on T cells.
When 51Cr-labeled desialized cells were injected into animals,
renal radioactivity did not fall with time (Fig. 2). This could
represent early interstitial infiltration, for both PMN and TL,
since interstitial infiltration was increased at all times in NA-
treated rats (Table 2). Because the binding kinetics of PMN and
TL in the glomeruli are different but the binding kinetics in the
interstitium are similar, it is likely that different binding mecha-
nisms are involved. Although NA injected intravenously could
produce desialization of both endothelium and circulating cells,
our data suggest that desialization of circulating cells is more
important to induce cellular infiltration in the kidneys. This is
supported by the fact that, while there is a significantly higher
Table 2. PMN and TL in renal interstitium after NA injection to
normal rats
Controls represent rats injected with saline solution. Values express
cells/0.0625 mm2 (mean 5EM). ap < 0.001; bp < 0.01
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Time, hours
Fig. 2. Renal radioactive uptake after intravenous injection of untreated and
NA-treated 51Cr-labeled leukocytes. There was a significant increase of renal
radioactivity when NA-treated leukocytes (closed bars) were compared
with untreated leukocytes (open bars) at all times tested (*P < 0.001,
<0.05).
renal radioactive uptake of NA-treated cells (Fig. 2), there were
no detectable differences between recipients treated or untreated
with intravenous NA (Table 3).
The distribution of radioactivity in other tissues varied accord-
ing to cellular type and NA treatment. Animals receiving 51Cr-
labeled leukocytes showed increased radioactivity in lymph nodes
(TL) and spleen (TL and PMN). After NA treatment, there was
a significant reduction of radioactivity in those tissues (Table 4).
The same findings has been reported by other investigators [16].
Previous reports have shown the presence of carbohydrate
epitope sialyl Lewis X on the surface of leukocytes which is
involved in the binding to different selectins (ELAM-1,
LECAM-1, CD62) on the surface of endothelial cells [17, 18]. NA
treatment of cells destroys sialyl Lewis X and reduces its binding
capacity in vitro [18]. Therefore, reduction of radioactivity in the
spleen and lymph nodes after infusion of NA-treated leukocytes
may be the result of desialization of sialyl Lewis X.
In the spleen there was much higher accumulation of untreated
PMN and TL, compared to NA-treated cells; therefore, increased
availability could be in part responsible for the higher radioactive
uptake by the kidney. Nevertheless, splenectomy did not change
the pattern of radioactive recovery between untreated and NA-
treated TL in the kidney (Figure 3), suggesting that the findings
are unrelated to changes in spleen sequestering of cells.
One possible explanation for the accumulation of NA-treated
cells in the glomerulus is that NA-induced changes on the cell
surface can cause its attachment to glomerular cells. We have
found that more than 90% of NA-treated cells bind to PNA lectin
(Arachis hipogaea), which interacts specifically with galactosyl [f3
D Gal (1-3) a DGalNac] residues exposed on glycoproteins after
Animals 3 hours 12 hours 60 hours
Untreated 2.67 4.1 2.68
NA-treated 3.82 4.28 2.9
NA treatment [19]. Previous reports have shown that one mech-
anism of interaction between cells involves recognition of mem-
brane sugars by lectin-like receptors. This mechanism is involved
**
in the recognition of senescent red blood cells, bacteria or yeasts
by macrophages [20—23]. Furthermore, receptors for asialoglyco-
proteins have been found in hepatocytes [24, 25] and also
preferential recognition of NA-treated red blood cells by spleen
mononuclear cells and Kupifer cells of the liver [25—28]. It is
conceivable that increased renal uptake of desialized cells and
glomerular and interstitial infiltration observed after intravenous
injection of NA may be due to NA-induced exposure of galactosyl
residues in cell surface and subsequent interaction with lectin-like
receptors on the surface of renal endothelium. To test this
possibility, we designed experiments to block renal binding of
NA-treated TL using desialized fetuin and to determine in vitro
renal binding of desialized fetuin. This experiments failed to
modify the results observed in the initial ones.
Loss of sialic acid resulting from NA treatment is capable of
diminishing the anionic charge on the cell surface, and this may be
an important phenomenon that could influence the interaction of
desialized cells with the anionic charged glomeruli. NA treatment
results in the liberation of sialic acid coat from both endothelial
and epithelial cells, but it does not affect anionic sites of laminae
rarae of the glomerular basament membrane and mesangium rich
in heparan sulfate [29]. In our experiments, treatment of rats with
NA before injection of desialized radioactive cells did not alter
renal radioactive uptake (Table 3); in addition, there was glomer-
ular infiltration when rats were injected with NA (Fig. 1; Tables 1
and 2). Binding of cationized compounds, such as PEI or cation-
ized ferritin, to the glomeruli did not modify the renal radioactive
uptake at 15 minutes (using PEI) [30, 31], nor at three hours
(using cationized ferritin).
Since the presence of antibodies with cytotoxic and agglutinin
properties which react with galactosyl residues (Thomsen-Fried-
enreich antigens), expressed after NA treatment, have been found
in sera of animals and humans [32—34], it is conceivable that
NA-treated cells could be agglutinated after injection into rats.
Therefore, we tested the capacity of rat sera to agglutinate
NA-treated lymphocytes, but such capacity was very weak or
absent when compared with PNA (Table 5), suggesting that
mechanisms depending on cellular agglutination probably are not
involved. We also tested the effect of lectin pretreatment on the
capacity of NA-treated cells to bind to the kidney. After treatment
with PNA, cell agglutination was increased, but there was no
significant increase in kidney radioactivity uptake, suggesting that
probably clumps of desialized cells are not made available for
binding to the kidney.
In contrast with the findings in lymph nodes and spleen, we
found increased radioactivity in the kidney when NA-treated
leukocytes were infused. The exact mechanism of this NA-
induced enhanced leukocyte adhesion remains unknown, since we
*
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Table 3. Effect of intravenous NA injection to rats on the renal
distribution of radiolabeled NA-treated PMN
Q)
0
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>
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*
Values express percent of radioactivity/g (mean of two rats).
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Table 4. Radioactivity (%) uptake in different organs after intravenous injection of untreated and NA-treated radioactive leukocytes
PMN TL MM
Untreated NA-treated Untreated NA-treatedUntreated NA-treated
3 hours
Spleen
Lung
Liver
13.22 2.82
11.16 2.32
5.74 0.31
5.69 1.03
7.00 1.27
5.01 0.64
37.68 6.23
2.74 0.21
2.40 0.13
2.20 0.40
1.10 0.18
4.16 0.35
3.35 0.52
14.65 0.98
3.31 0.06
4.19 0.53
11.89 1.08
6.65 0.58
Nodes 0.12 0.01 0.28 0.02 3.20 1.38 0.58 0.19 0.36 0.05 0.48 0.07
Blood 0.48 0.13 0.31 0.03 0.75 0.06 0.32 0.08 1.59 0.05 0.28 0.02
12 hours
Spleen
Lung
Liver
18.60 4.12
2.28 0.37
5.73 0.54
6.02 1.45
2.53 0.29
4.69 0.57
31.66 3.42
1.07 0.25
3.20 0.17
2.24 0.27
0.63 0.11
3.96 0.30
6.10 0.83
6.59 0.91
4.24 0.37
4.46 0.21
6.38 0.85
7.83 0.39
Nodes 0.14 0.006 0.28 0.05 11.53 3.88 0.36 0.05 0.39 0.01 0.64 0.11
Blood 0.28 0.08 0.17 0.01 0.99 0.06 0.12 0.008 1.39 0.12 0.19 0.01
60 hours
Spleen
Lung
Liver
20.65 6.85
0.61 0.08
4.64 0.78
4.52 0.37
1.18 0.18
3.89 0.33
18.31 2.02
0.78 0.03
2.71 0.23
2.68 0.72
0.67 0.17
3.66 0.47
4.87 0.68
2.09 0.19
2.79 0.10
3.68 0.49
1.91 0.21
4.40 0.47
Nodes 0.19 0.01 0.34 0.02 11.59 2.60 0.77 0.18 0.35 0.02 0.61 0.06
Blood 0.20 0.07 0.08 0.002 0.71 0.03 0.12 0.02 0.95 0.10 0.12 0.004
Values express radioactivity uptake (%) per gram of tissue or ml (mean SEM).
0
E
>
C)
00
Animal
Agglutination
Undiluted 1:10 diluted
Ri — -
R2 - -
R3 - -
R4
Positive control (PNA; 1 mg/mI), 4+; negative control (PBS), —.
Relative scale from — to 4+.
were unable to demonstrate any effect of treatment with desial-
ized compounds, in order to block glomerular lectin-like recep-
tors, or with PEI or cationized ferritin, which bind to glomerular
polianion.
Previous results have shown the presence of NA activity in
several pathological conditions. In reports from our group [9], it
was shown the presence of NA and free sialic acid in the sera of
patients with APSGN. Early biopsies from those patients showed
glomerular galactosyl residues as determined using FITC-PNA
[11]; in addition, NA production has been found in nephritogenic
streptococci [10]. Taken together, these data suggest a possible
role for NA in APSGN. Since PMN, monocyte-macrophage and
TL infiltration in the glomeruli and interstitium is a relevant
**
**
**
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4
3
2
0
Normal Splenectomized
Time, hours
Fig. 3. Renal uptake after intravenous injection of untreated and NA-treated
radioactive TL in normal and splenectomized rats. Splenectomy did not
alter results (closed bars: NA-treated TL; open bars: untreated TL; *p <
0.001, < 0.05).
3 12 60 3 12 60
Fig. 4. Immunohistologic staining of rat kidney 3 hours after iv. injection of
horse cationizedfenitin shows intense glomerular fluorescence (X400).
Table 5. Effect of rat sera on NA-treated TL
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feature in APSGN [12], we believe that NA could induce circu-
lating cells to bind to the kidneys in the course of this disease and
other glomerulonephritis associated with infection with NA pro-
ducing microorganisms, and since our results indicated that cells
are capable of being activated in vitro by cytokines, it is conceiv-
able that these mechanisms may play a role during the disease.
Reprint requests to Bernardo RodrIquez-Iturbe, M.D., Unidad de Dülisis y
Transplante Renal, Hospital Universitario (90 piso), Apartado Postal 1430,
Maracaibo, 4001-A, Venezuela.
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